(12) United States Patent 

Kim 



US006519256B1 

(10) Patent No.: US 6,519,256 Bl 
(45) Date of Patent: Feb. 11, 2003 



(54) TECHNIQUE FOR CONSTRUCTING AND 
CONTROLLING A PRIVATE LINE USING A 
SWITCHED VIRTUAL CIRCUIT IN AN ATM 
NETWORK 

(75) Inventor: Young- Jin Kim, Seoul (KR) 

(73) Assignee: Samsung Electronics Co., Ltd., Suwon 
(KR) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 0 days, 

(21) Appl. No.: 09/287,085 

(22) Filed: Apr. 6, 1999 

(30) Foreign Application Priority Data 

Apr. 8, 1998 (KR) 98-12401 

(51) Int. C\: H04L 12/56 

(52) U.S. CI 370/395.1 

(58) Field of Search 370/395, 230, 

370/397, 398, 399, 400, 392 

(56) References Cited 

U,S, PATENT DOCUMENTS 

4,965,804 A 10/1990 Trbovich et al. 

5,014,262 A 5/1991 Harshavardhana 

5,023,780 A 6/1991 Brearley 

5,048,087 A 9/1991 Trbovich et al. 

5,200,952 A .4/1993 Bernstein et al. 

5,463,621 A * 10/1995 Suzuki 370/60 

5^30,698 A 6/1996 Kozaki et al. 

5,539,884 A 7/1996 Robrock, II 

5,590,126 A * 12/1996 Mishra et al 370/329 

5,600,643 A * 2/1997 Robrock, II 370/399 



5,631,903 A 5/1997 Dianda et al. 

5,680,396 A 10/1997 Moritomo et al. 

5,719,863 A * 2/1998 Hummel 370/392 

5,781,529 A 7/1998 Liang et al. 

5,818,842 A * 10/1998 Burwell et al 370/397 

5,848,068 A 12/1998 Daniel et al. 

5,854,789 A 12/1998 Lesch et al. 

5,886,982 A 3/1999 Kozaki et al. 

5,894,471 A * 4/1999 Miyagi et al 370/230 

6,339,596 Bl ♦ 1/2002 Kozaki et a 1 ,370/395 

FOREIGN PATENT DOCUMENTS 

JP 10-051456 2/1998 

* cited by examiner 

Primary Examiner — Hassan Kizou 
Assistant Examiner — Anh-Vu H Ly 
(74) Attorney, Agent, or Firm — Robert E. Bushnell, Esq. 

(57) ABSTRACT 

A communication system for allocating a PVC to a user 
terminal connected through an ATM network interface to an 
ATM network includes: a PVC control server connected 
through an ATM interface to the ATM network; a switching 
system disposed in the ATM network for connecting the user 
terminal to the PVC control server through an SVC accord- 
ing to a virtual path identifier (VP!) and virtual channel 
identifier (VCI) generated by the user terminal; and an 
operator controlled workstation connected to the switching 
system for checking the state of the switching system, and 
for generating a signal in accordance with the acceptance or 
rejection of the user terrain aFs demand on the PVC. The 
latter signal is provided to the PVC control server upon 
receiving PVC demand data from the user terminal through 
the PVC control server, the acceptance or rejection signal 
being transferred through the SVC to the user terminal. 

11 Claims, 3 Drawing Sheets 
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TECHNIQUE FOR CONSTRUCTING AND 
CONTROLUNG A PRIVATE LINE USING A 
SWITCHED VIRTUAL CIRCUIT IN AN ATM 
NETWORK 

CLAIM OF PRIORITY 

This application makes reference to, incorporates the 
same herein, and claims all benefits accruing under 35 
U.S.C. §119 from an application for METHOD FOR CON- 
STRUCTING AND CONTROLLING A PRIVATE LINE 
BY MEANS OF A SWITCHED VIRTUAL CIRCUIT IN 
AN ATM NETWORK earlier filed in the Korean Industrial 
Property Office on the S"" of Apr. 1998 and there duly 
assigned Ser. No. 12401/1998. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a technique for construct- 
ing and managing a private communication line for a user 
terminal using a switched virtual circuit in an asynchronous 
transfer mode (ATM) network. 

2. Description of the Related Art 

Generally an AFM network includes a permanent virtual 
circuit (PVC) for allocating a fixed channel to a user 
terminal, and a switched virtual circuit (SVC) connected to 
the user terminal on the basis of a connection demand, the 
two circuits being complementarily used. In this case, the 
user terminal usually uses the SVC to transmit and receive 
data, and therefore, in order to obtain a private service hne, 
the user must request setting of it by the operator of a 
telephone exchange office or network control center by 
calling through a public switched telephone network 
(PSTN). Then, the operator operates the work station con- 
trolling the ATM network connected to the user terminal to 
check whether its link bandwidth may be allocated to the 
user terminal. If there remains a portion of the Hnk band- 
width to allow for the xiser*s demand, he sets the PVC by 
operating the workstation. Thereafter, he notifies the user of 
the setting by telephone, so that the user may use the PVC. 
Thus, in order to receive the PVC of the ATM network, the 
user must call up the operator of the ATM network system 
through the PSTN. This also requires the operator to control 
private line services according to the user's demand, degrad- 
ing the efficiency of controlling the PVC. 

The following patents disclose features in common with 
the present invention but do not teach or suggest the spe- 
cifically recited technique for constructing and controlling a 
private line using a switched virtual circuit in an ATM 
network: U.S. Pat. No. 5,848,068 to Daniel et al, entitled 
ATM COMMUNICATION SYSTEM INTERC0NNEC17 
TERMINATION UNIT, U.S. Pat. No. 5,854,789 to Lesch et 
al., entitled ATM COMMUNICATION SYSTEM WITH A 
MODULAR STRUCTURE AND COMMUNICATION 
MODULES, U.S. Pat. No. 5,680,396 to Moritomo et al., 
entitled COMMUNICATION METHOD, TRANSMIS- 
SION APPARATUS. RECEPTION APPARATUS, AND 
TRANSMISSION LINE BANDWIDTH CONTROL 
APPARATUS FOR PVC CONNECTION TYPE 
SWITCHED NETWORK, U.S. Pat, No. 5,886,982 to 
Kozaki et al., entitled ATM SWITCHING SYSTEM AND 
CELL CONTROL METHOD, U.S. Pat. No. 5,530,698 to 
Kozaki et al., entitled ATM SWITCHING SYSTEM AND 
CELL CONTROL METHOD, U.S. Pat. No. 5,631,903 to 
Dianda et al., entitled TELECOMMUNIC/OIONS SIG- 
NALING ARRANGEMENTS FOR TERMINALS WITH- 
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OUT SIGNAUNG CAPABILITY, U.S. Pat. No. 5,200,952 
TO Bernstein et al., entiUed ADAPTIVE VCP CONTROL 
IN INTEGRATED SERVICES NETWORKS, U.S. Pat. No. 
5,539,884 to Robrock II, entitled INTELLIGENT BROAD 

5 BAND COMMUNICATION SYSTEM AND METHOD 
EMPLOYING FAST-PACKET SWITCHES, U.S. Pat. No. 
5,048,087 to Trbovich et al., entitled KEY MANAGEMENT 
FOR ENCRYPTED PACKET BASED NETWORKS, U.S. 
Pat. No. 5,023,780 to Brearley, entitled METHOD OF 

10 OPERATING A PACKET SWITCHING NETWORK, U.S. 
Pat. No. 5,014,262 to Harshavardhana, entitled APPARA- 
TUS AND METHOD FOR DETECTING AND EUMI- 
NAHNG CALL LOOPING IN ANODE-BY NODE ROUT- 
ING NETWORK, U.S. Pat. No. 4,965,804 to Trbovich et al., 

15 entitled KEY MANAGEMENT FOR ENCRYPTED 
PACKET BASED NETWORKS, and U.S. Pat. No. 5,781, 
529 to Liang et al., entitled SYSTEMS AND METHODS 
FOR ROUTING ATM SWITCHED VIRTUAL CIRCUIT 
CALLS, 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method 
of obtaining private line service only through an ATM 
network without using a PSTN. 

25 It is another object of the present invention to provide a 
communication system comprising a PVC control server for 
automatically controlUng the PVC in an ATM network. 

According to an aspect of the present invention, a com- 
munication system for allocating a PVC to a user terminal 

30 connected through an ATM network interface to an ATM 
network comprises: a PVC control server connected through 
an ATM interface to the ATM network; a switching system 
disposed in the ATM network for connecting the user 
terminal to the PVC control server through an SVC accord- 

35 ing to a virtual path identifier (VPI) and virtual chaimel 
identifier (VCI) generated by the user terminal; and an 
operator controlled workstation connected to the switching 
system for checking the state of the switching system and for 
generating a signal representing the acceptance or rejection 

40 of the user terminars demand on the PVC to the PVC 
control server upon receiving PVC demand data from the 
user terminal through the PVC control server, the acceptance 
or rejection signal being transferred through the SVC to the 
user terminal. 

45 According to another aspect of the present invention, a 
method of allocating the PVC to the user terminal in a 
communication system as described above comprises the 
steps of: demanding a connection to the ATM network by the 
user terminal generating a predetermined VPI and VCI 

50 through a signal channel; connecting the user terminal to the 
PVC control server in response to the VPI and VCI; sending 
a connection signal and initial data from the PVC control 
server to the user terminal; displaying the initial data on the 
user terminal; sending the PVC demand data to the PVC 

55 control server; transferring the PVC demand data to the 
operator controlled workstation for checking the switching 
system and for generating the acceptance or rejection signal 
transferred to the user terminal; and shifting the connection 
of the user terminal to the PVC upon receiving the accep- 

60 tance signal. 

The present invention will now be described more spe- 
cifically with reference to the drawings attached only by of 
example. 

g5 BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the invention, and many 
of the attendant advantages thereof, will be readily apparent 
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as the same becomes better understood by reference to the 
following detailed description when considered in conjunc- 
tion with the accompanying drawings in which like refer- 
ence symbols indicate the same or similar components, 
wherein: 

FIG. 1 is a schematic diagram illustrating the construction 
of an ATM network to perform on-line control of a PVC 
according to the present invention; 

FIG. 2 is a block diagram illustrating the structure of the 
functional data entry of a user terminal and a PVC control 
server; and 

FIG. 3 is a flowchart illustrating the steps for obtaining the 
PVC by means of an SVC according to an embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to FIG. 1, a user terminal 101 is connected 
through an ATM interface line 11a to an ATM network 100, 
which is provided with a plurality of switching systems 20, 
30,. . . transmitting ATM cell data, and in turn connected to 
a PVC control server 102 via line lib. 

The PVC control server 102 may be installed in a tele- 
phone exchange oflBce or network control center. Of course, 
the telephone exchange oflBce may serve as the network 
control center. When the PVC control server 102 is installed 
in the telephone exchange ofSce, it is connected to an 
operator controlled workstation 103 to control the switching 
systems. In this case, the operator controlled workstation 
103 is connected through Ethernet line 10a to the ATM 
switching system 20. In addition, the PVC control server 

102 is connected through a data line 12 to the operator 
controlled workstation 103. In the present case, the PVC 
control server 102 installed in the telephone exchange office 
is not connected to the network control computer 105, 
telecommunication management network (TMN) 50 and 
switching system control computer 104. Conversely, if the 
PVC control server 102 is installed in the network control 
center, it is not connected to the operator controlled work- 
station 103. On the other hand, if the PVC control server 102 
is installed in the telephone exchange oflSce additionally 
serving as the network control center, the connection is 
established as shown in FIG. 1. 

Describing the operation of the PVC control server 102 
installed in the telephone exchange office not serving as the 
network control center, the operator controlled work station 

103 receives the state information concerning the channel 
allocation of the switching system 20. The user terminal 101 
sends a caU signal to the ATM network 100 to connect 
through the ATM line lib to the PVC control server 102. 
Thereafter, the user terminal 101 transmits the VPI and VCI 
through the signal line 11a to connect to the PVC control 
server 102. The values of the VPI and VCI, for example, are 
set to VPIoO and VCI-5. Receiving these values VPI=0 and 
VCI«5, the switching system of the ATM network 100 
connects the user terminal 101 to the PVC control server 
102, Then, such connection is the SVC. Of course, the value 
of the VPI and VCI may be changed as desired. Through this 
SVC, the user terminal 101 asks the PVC control server 102 
for connection to the PVC. To this end, the user terminal 
generates data representing the transmission speed and ser- 
vice time to use the PVC. This data, which is hereinafter 
referred to as TVC demand data', is transferred to the PVC 
control server 102, which in turn transfers the PVC demand 
data to the operator controlled workstation 103. ITien, the 
workstation 103 checks the state of the switching system 20 
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to determine whether to accept or reject the PVC demand 
data, transferring a signal representing the acceptance or 
rejection of the PVC demand data to the PVC control server 
102, which in turn sends the acceptance or rejection signal 

5 through the ATM network 100 to the user terminal. 

On the other hand, describing the operation of the PVC 
control server 102 installed in the network control center 
without the operator controlled workstation 103, the PVC 
control server 102 sends the PVC demand data through a 

jQ data line 13 to a network management workstation or 
network management computer (NMC) 105, which is con- 
nected through TMN 50 to a workstation 104 to control the 
ATM switching system 30. The workstation 104 and switch- 
ing system 30 are connected by means of Ethernet line 10b. 

J 5 The switching system control workstation 104 checks the 
switching system 30 to determine whether to accept or reject 
the PVC demand data, as the operator controlled 
workstation, and then transfers the acceptance or rejection 
signal through TMN 50 to the workstation 105, which in turn 

2Q transfers the acceptance or rejection signal to the PVC 
control server 102. The remaining steps are the same as in 
the previous case where the PVC control server 102 is 
installed in the telephone exchange office. 

Referring to FIG. 2, the user terminal 101 and PVC 

25 control server 102 consist of 4-layer hierarchy. The hierar- 
chical structure of the user terminal 101 consists of PVC 
client layer 201, third layer 202, second layer 203 and 204, 
and ATM layer 205. The third layer 202 and second layer 
203 and 204 constitute the signaling stack. Since the PVC 

30 demand data is transmitted through the signal channel, the 
second layer consists of the signal ATM adaptation layer 
(SAAL) 203 and ATM adaptation layer 5 (AAL5) 204. 
Likewise, the hierarchical structure of the PVC control 
server 102 consists of PVC server layer 211, third layer 212, 

35 second layer 213 and 214, and ATM layer 215. The second 
layer consists of SAAL 213 and AAL5 214. The third layer 
212 and second layer 213 and 214 constitute the signaling 
stack. 

Describing the procedure of obtaining the PVC by means 

40 of the PVC control server 102 connected to the operator 
controlled workstation 103 in the telephone exchange office, 
in connection with FIG. 3, the user terminal 101 loads the 
program to connect to the ATM network in step 300, and 
proceeds to step 302 to check whether there is a key input 

45 to demand a connect to the ATM network 100. If a signal 
demanding the connection is detected in step 302, the u.ser 
terminal 101 goes to step 304; otherwise, it goes to step 316. 
In step 304, the user terminal 101 generates a connection 
signal through the signaling stack consisting of the third 

50 layer 202, SAAL 203 and AAL5 204, and transfers it 
through the ATM layer 205 to the ATM network 100. The 
connection signal is the signal demanding a connection with 
the PVC In this case, the signaling stack 202, 203, and 204 
generates the values VPI=0 and VCI«5 which are transmit- 

55 ted through the ATM layer 205, Then, the switching system 
of the ATM network 100 transfers the signal identified as 
VPI«0 and VCI=5 to the PVC control server 102. 

When the PVC control server 102 is on standby in step 
330, it receives the connection signal, and it proceeds to step 

60 332 to generate a connection answering signal notifying of 
establishment of the connection. Then, in step 334, the PVC 
control server 102 transmits the initial data through the ATM 
interface fines 116 and 11a to the user terminal 101. Receiv- 
ing the initial data in step 306, the user terminal 101 displays 

65 the received data on the monitor of the operator controlled 
workstation 103. llien, in step 308, the user terminal 101 
receives the PVC demand data inputted by the user, and 
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transmits it through the ATM network 100 to the PVC 
control server 102 in response to the key input demanding its 
transmission. The PVC demand data represents the band- 
width and service time to use the PVC. After receiving the 
PVC demand data in step 336, the PVC server 102 proceeds 5 
to step 338 to transfer the PVC demand data to the operator 
controlled workstation 103. 

When the workstation 103, on standby in step 360, 
receives the PVC demand data in step 362, it proceeds to 
step 364 to check the state of the switching system 20 to 1° 
determine whether there is an available bandwidth. Then, in 
step 366, the operator controlled workstation 103 generates 
a signal representing the acceptance or rejection of the PVC 
demand data and provides that signal to the PVC control 
server 102. Receiving the signal representing the acceptance 
or rejection in step 340, the PVC control server 102 trans- 
mits it through the ATM network 100 to the user terminal 
101, The acceptance or rejection signal generated in the 
PVC server layer 211 as shown in FIG. 2 is converted by the 
signaling stack consisting of the third layer 212, SAAL 213 
and AAL5 into signaling data transmitted through the ATM 
layer 215 to the user terminal 101. 

Receiving and displaying the acceptance or rejection 
signal in step 310, the user terminal 101 proceeds to step 312 
to determine whether the PVC demand data is accepted or 
not. In this case, the acceptance or rejection signal is 
received through the ATM layer 205, and is processed 
through the signaling stack to the PVC chent 201. Detecting 
the acceptance of the PVC demand data in step 312, the user 
terminal 101 proceeds to step 318 to complete a connection 
with the PVC provided by the ATM network 100. On the 
contrary, in determining the rejection of the PVC demand 
data instep 312, the user terminal 101 proceeds to step 314 
to determine whether there is a demand to change the PVC 
demand data. Detecting the demand to change the PVC 
demand, the process returns to step 308; otherwise, the 
process is terminated. Until now, although described in 
connection with the PVC control server 102 installed in the 
telephone exchange ofQce, the procedure may also be 
applied to the PVC control server 102 installed in the 
network control center. 

As described above, the PVC control server makes the 
user terminal directly demand a connection with the PVC 
through the SVC, so that the user need not call up the 
operator of the exchange ofiBce through the PSTN. While the 
present invention has been described with specific embodi- 
ments accompanied by the attached drawings, it will be 
appreciated by those skilled in the art that various changes 
and modifications may be made thereto without departing 
from the gist of the present invention. 

What is claimed is: 

1. A commimication system for allocating a permanent 
virtual circuit (PVC) to a user terminal connected through an 
asynchronous transfer mode (ATM) network interface to an 
ATM network, comprising: 

a PVC control server connected through an ATM interface 

to said ATM network; 
a switching system disposed in said ATM network for 
connecting said user terminal to said PVC control 
server through a switched virtual circuit (SVC) accord- 
ing to a virtual path identifier (VPI) and a virtual 
channel identifier (VCI) generated by said user termi- 
nal; and 

an operator controlled workstation connected to said 
switching system for checking a state of said switching 
system, for generating a signal in accordance with one 



of acceptance and rejection of a demand of said user 
terminal on said PVC, and for providing said generated 
signal to said PVC control server upon receiving PVC 
demand data from said user terminal through said PVC 
control server, said signal generated by said operator 
controlled workstation being transferred through said 
SVC to said user terminal. 

2. The communication system as defined in claim I, said 
operator controlled workstation and said switching system 
being connected by an Ethernet line. 

3. In a communication system for allocating a permanent 
virtual circuit (PVC) to a user terminal connected through an 
asynchronous transfer mode (ATM) network interface to an 
ATM network, said system comprising a PVC control server 

J 5 connected through an ATM interface to said ATM network, 
a switching system disposed in said ATM network for 
connecting said user terminal to said PVC control server 
through a switched virtual circuit (SVC) according to a 
virtual path identifier (VPI) and a virtual channel identifier 
(VCI) generated by said user terminal, and an operator 
controlled workstation connected to said switching system 
for checking a state of said switching system and for 
generating a signal in accordance with one of acceptance 
and rejection of a demand of said user terminal on said PVC, 
said generated signal being transmitted to said PVC control 
server upon receiving PVC demand data from said user 
terminal through said PVC control server, said generated 
signal being transferred through said SVC to said user 
terminal; 

a method of allocating said PVC to said user terminal, 
comprising the steps of: 

demanding a connection to said ATM network by said 
user terminal generating a predetermined VPI and a 
predetermined VCI through a signal channel; 
connecting said user terminal to said PVC control 
server in response to said predetermined VPI and 
said predetermined VCI; 
sending a connection signal and initial data from said 

PVC control server to said user terminal; 
displaying said initial data on said user terminal; 
sending said PVC demand data to said PVC control 
server; 

transferring said PVC demand data to said operator 
controlled workstation for checking said switching 
system and for generating one of an acceptance 
signal and a rejection signal transferred to said user 
terminal; and 

shifting the connection of said user terminal to said 
PVC upon receiving the acceptance signal. 

4. The method as defined in claim 3, further comprising 
the steps of: 

determining whether to change said PVC demand data 

upon receiving the rejection signal; and 
asking for new PVC demand data when it is determined 
that said PVC demand data must be changed. 

5. The communication system as defined in claim 1, 
wherein, when said PVC control server is installed in a 
telephone exchange ofl&ce not acting as a network control 
center, said PVC control server is connected to said ATM 
network via an Ethernet line, and said PVC control server is 
connected via a data line to said operator controlled 
workstation, which is in turn connected via an Ethernet fine 
to said switching system in said ATM network. 

6. The communication system as defined in claim 1, 
wherein, when said PVC control server is installed in one of 
a network control center and a telephone exchange office 
serving as a network control center, said PVC control server 
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is nol connected to said operator controlled workstation, but 
is connected to a network management computer via a data 
line, and said network management computer is connected 
via a telecommunication management network to a 
workstation, which is in turn connected via an Ethernet line 
to said switching system in said ATM network. 

7. The communication system as defined in claim 1, 
wherein said PVC control server comprises a dedicated line 
server which is connected to said user terminal through the 
SVC for transferring data between said user terminal and 
said operator controlled workstation. 

H, The communication system as defined in claim 1, 
wherein said operator controlled workstation checks the 
stale of said switching system in response to a demand of 
said user terminal, and transfers to said user terminal infor- 
mation relative to the state of said switching system. 



10 



8 



9. The method as defined in claim 3, wherein said PVC 
control server comprises a dedicated line server which is 
connected to said user terminal through the SVC for trans- 
ferring data between said user terminal and said operator 
controlled workstation. 

10. ITie method as defined in claim 3, wherein said 
operator controlled workstation checks the state of said 
switching system in response to a demand of said user 
terminal, and transfers to said user terminal information 
relative to the state of said switching system. 

11. llie method as defined in claim 10, wherein said user 
terminal demands the connection to said ATM network in 
accordance with the information relative to the state of said 
switching system transferred to said user terminal by said 
operator controlled workstation. 
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(57) ABSTRACT 

There is disclosed, for use in an ATM network, a system for 
servicing an SVC connection between a first node and a 
second node operable to transmit and receive frame relay 
data frames, wherein the first node is coupled to an ATM 
access device incapable of providing to the first node 
support for switched virtual circuit (SVC) connections. The 
system comprises: . 1) a connection controller capable of 
establishing a fixed connection between the ATM access 
device and a selected intermediate node in the Al^M net- 
work; and 2) a frame relay proxy controller disposed at the 
selected intermediate node and adapted for communicating 
via the fixed connection established by the connection 
controller, wherein the frame relay proxy controller receives 
SVC signaling information from the first node via the fixed 
connection and establishes an SVC connection with the 
second node. 
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SYSTEMS AND METHODS FOR CONNECTING 

FRAME RELAY DEVICES VIA AN ATM 
NETWORK USING A FRAME RELAY PROXY 
SIGNALING AGENT 

TECHNICAL FIELD OF THE INVENTION 

[0001] llie present invention is directed, in general, to 
frame relay and ATM communications and, more specifi- 
cally, to an ATM switch containing a frame relay proxy 
signaling agent that allows frame relay end users to com- 
municate across an ATM network. 

BACKGROUND OF THE INVENTION 
[0002] Information systems have evolved from centralized 
mainframe computer systems supporting a large number of 
users to distributed computer systems based on local area 
network (LAN) architectures. As the cost-to-processing- 
power ratios for desktop PCs and network servers have 
dropped precipitously, LAN systems have proved to be 
highly cost effective. As a result, the number of LANs and 
LAN-based applications has exploded. 

[0003] A consequential development relating to the 
increased popularity of LANs has been the interconnection 
of remote LANs, computers, and other equipment into wide 
area networks (WANs) in order to make more resources 
available to users. However, a LAN backbone can transmit 
data between users at high bandwidth rates for only rela- 
tively short distances. In order to interconnect devices across 
large distances, different communication protocols have 
been developed. These include X.25, ISDN, and frame relay, 
among others. 

[0004] Most data transmissions, including file transfers 
and voice, occur in bursts at random intervals. The bursty 
nature of most data transmissions means that if the band- 
width allocated to a transmitting device is determined 
according to its peak demand, much bandwidth is wasted 
during the "silences" between data bursts. This variable 
bandwidth demand problem has been solved in part by X.25 
and frame relay, which use statistical multiplexing to 
improve the throughput of muhiple users. Statistical multi- 
plexing takes advantage of the bursty nature of data trans- 
missions to allow a user to transmit bursts of data in excess 
of the user's allocated bandwidth for relatively short periods 
of time. 

[0005] Frame relay has proved to be a popular communi- 
cation protocol. Frame relay provides up to T3 level speeds 
(from 56 Kbps up to about 45 Mbps) using packet switching 
technology. It is optimized for the transfer of protocol- 
oriented data in packets of variable length. Data is sent in 
high-level data link control packets, called "frames". A 
typical frame includes a "header", comprising an address 
block and a control block, a "payload" or data block that is 
the actual data to be transferred from endpoint to endpoint, 
and a CRC error correction block. 

[0006] An end user transmits data according to a commit- 
ted information rate (CIR) and a maximum burst size. 
Bandwidth is allocated dynamically on a packet-by-packet 
basis within the network. If the end user exceeds the CIR for 
a short period of time, the transmitted data is buffered within 
the frame relay network for later transmission. If this con- 
dition persists, however, traffic policing and congestion 
control mechanisms in the network, reduce the rate at which 
the end user transmits data. 



[0007] Frame relay frames have only a small amount of 
"overhead" (i.e., header and CRC), only seven (7) bytes 
compared to hundreds of data bytes). However, the variable 
lengths of the payload cause variable length delays as the 
frames move through the network switches. This makes 
frame relay suitable to pure data transfers, but less suitable 
to the transfer of mixed voice, data and video. Additionally, 
the newest LANAVAN applications, including file transfers, 
imaging, video conferencing, and the like, demand great 
amounts of bandwidth that cannot be serviced by frame 
relay. 

[0008] ATM is a relatively new technology and currently 
represents only a comparatively small percentage of the 
installed network infrastructure. Frame relay still remains as 
a dominant portion of the installed network infrastructure. 
Additionally, since many information systems may never 
need video or other high bandwidth applications, it is 
unlikely that every LAN or WAN system will need to be 
converted to an ATM system. Hence, frame relay and ATM 
will likely coexist for a long period of time. 

[0009] In order to allow frame relay systems and ATM 
systems to communicate with one another, a host of well- 
known interfaces have been developed to interconnect frame 
relay based networks with ATM based networks. These 
frame relay-to-ATM interfaces typically include a high-level 
data link control (HDLC) interface for sending and receiving 
frames from a frame relay-based network and a segmenta- 
tion and reassembly (SAR) interface for sending and receiv- 
ing cells from an ATM -based network. Between the HDLC 
and the SAR, a memory holds the payloads of the frames 
and/or cells, and a traffic control processor monitors the 
traffic for every connection and adjusts the traffic flow based 
on a leaky bucket software routine. The traffic control 
processor also provides the frame switching and forwarding 
functions for every connection. 

[0010] It is therefore common to find networks containing 
a mixture of interconnected frame relay devices and ATM 
devices communicating with one another via an ATM back- 
bone network. To increase the effective throughput of the 
backbone ATM network, devices called concentrators are 
frequently used to receive frame relay frames and ATM cells 
from a group of ATM devices and frame relay devices. A 
concentrator convert all of the mixed input traffic to ATM 
cells on it output and combines and compacts the output 
traffic before it reaches the high capacity ATM network. 

[0011] A problem occurs if two frame relay devices 
attempt to communicate via an ATM network. Many of the 
nodes in an ATM network, such as concentrators do not 
contain the signaling support devices needed to establish 
dynamic connections between two frame relay devices. The 
concentrators are relatively simple devices that are not easily 
modified to provide the necessary signaling support to allow 
communication between two frame relay devices across an 
ATM network. 

[0012] There is therefore a need in the art for an improved 
ATM network that allows a first frame relay device to 
communicate with a second frame relay device without 
either frame relay device being directly connected to a 
device that facifitates dynamic connections of frame relay 
devices. In particular, there is a need for an improved ATM 
switch capable of supporting frame switching and signaling. 
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SUMMARY OF THE INVENTION 

[0013] To address the above-discussed deficiencies of the 
prior art, it is a primary object of the present invention to 
provide, for use in an ATM network capable of transporting 
data between a first node and a second node operable to 
transmit and receive frame relay data frames, wherein the 
first node is coupled to an ATM access device incapable of 
providing to the first node support for switched virtual 
circuit (SVC) connections, a system for servicing an SVC 
connection between the first node and the second node. In 
one embodiment of the present invention, the system com- 
prises: 1) a connection controller capable of establishing a 
fixed connection between the ATM access device and a 
selected intermediate node in the ATM network; and 2) a 
frame relay proxy controller disposed at the selected inter- 
mediate node and adapted for communicating via the fixed 
connection established by the connection controller, wherein 
the frame relay proxy controller receives SVC signaling 
information from the first node via the fixed connection and 
establishes an SVC connection with the second node. 

[0014] In one embodiment of the present invention, the 
intermediate node is an ATM switch, 

[0015] In another embodiment of the present invention, 
the fixed connection is a permanent virtual circuit (PVC) 
connection. 

[0016] In still another embodiment of the present inven- 
tion, the connection controller is a network management 
system. 

[0017] In a further embodiment of the present invention, 
the ATM access device is an ATM access concentrator 
capable of receiving a plurality of input data streams and 
merging the plurality of input data streams into an ATM cell 
output stream having a data rate higher than at least one of 
the plurality of input data streams. 

[0018] In yet another embodiment of the present inven- 
tion, at least one of the input data streams comprises frame 
relay data frames received from a frame relay device. 

[0019] In a still further embodiment of the present inven- 
tion, at least one of the input data streams comprises ATM 
cells received from an ATM device. 

[0020] The foregoing has outlined rather broadly the fea- 
tures and technical advantages of the present invention so 
that those skilled in the art may better understand the 
detailed description of the invention that follows. Additional 
features and advantages of the invention will be described 
hereinafter that form the subject of the claims of the inven- 
tion. Those skilled in the art should appreciate that they may 
readily use the conception and the specific embodiment 
disclosed as a basis for modifying or designing other struc- 
tures for carrying out the same purposes of the present 
invention. Those skilled in the art should also reaUze that 
such equivalent constructions do not depart from the spirit 
and scope of the invention in its broadest form. 

[0021] Before undertaking the DETAILED DESCRIP- 
TION, it may be advantageous to set forth definitions of 
certain words and phrases used throughout this patent docu- 
ment: the terms "include" and "comprise," as well as deriva- 
tives thereof, mean inclusion without limitation; the term 
"or," is inclusive, meaning and/or; the phrases "associated 
with" and "associated therewith," as well as derivatives 



thereof, may mean to include, be included within, intercon- 
nect with, contain, be contained within, connect to or with, 
couple to or with, be communicable with, cooperate with, 
interleave, juxtapose, be proximate to, be bound to or with, 
have, have a property of, or the like; and the term "control- 
ler** means any device, system or part thereof that controls 
at least one operation, such a device may be implemented in 
hardware, firmware or software, or some combination of at 
least two of the same. It should be noted that the function- 
ality associated with any particular controller may be cen- 
tralized or distributed, whether locally or remotely. Defini- 
tions for certain words and phrases are provided throughout 
this patent document, those of ordinary skill in the art should 
understand that in many, if not most instances, such defini- 
tions apply to prior, as well as future uses of such defined 
words and phrases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] For a more complete understanding of the present 
invention, and the advantages thereof, reference is now 
made to the following descriptions taken in conjunction with 
the accompanying drawings, wherein like numbers desig- 
nate like objects, and in which: 

[0023] FIG. 1 illustrates an exemplary network infrastruc- 
ture that interconnects both frame relay end users and ATM 
end users in accordance with one embodiment of the present 
invention; 

[0024] FIG. 2 illustrates in greater detail an ATM switch 
containing an exemplary frame relay proxy controller in 
accordance with one embodiment of the present invention; 
and 

[0025] FIGS. 3A and 3B are flow diagrams illustrating 
the operation of the exemplary frame relay proxy controller 
in FIG. 2 in accordance with one embodiment of the present 
invention. 

DETAILED DESCRIPTION 

[0026] FIGS. 1 through 5, discussed below, and the 
various embodiments used to describe the principles of the 
present invention in this patent document are by way of 
illustration only and should not be construed in any way to 
Umit the scope of the invention. Those skilled in the art will 
understand that the principles of the present invention may 
be implemented in any suitably arranged ATM network. 

[0027] FIG. 1 illustrates an exemplary network infrastruc- 
ture 100 that interconnects both frame relay end users and 
ATM end users in accordance with one embodiment of the 
present invention. The network infrastructure 100 comprises 
an ATM backbone network 101 that provides switching 
connectivity between a plurality of devices, including ATM 
users 121 and 122, frame relay users 123 and 124, an 
external ATM network 150, and an external frame relay 
network 160. ATM users 121 and 122 each may comprise 
any device capable of sending and/or receiving ATM cells. 
Likewise, frame relay users 123 and 124 each may comprise 
any device capable of sending and/or receiving frame relay 
data frames. 

[0028] In order to maximize use of the high capacity of 
AI'M backbone network 101, access concentrator 130 is 
used to receive frame relay frames and ATM cells from a 
plurality of sources, including frame relay user 123 and 
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ATM user 121. Access concentrator 130 comprises, among 
other things, frame relay-to-ATM interface circuitry that 
converts the received frame relay frames to ATM cells. 
These converted ATM cells and the ATM cells received from 
ATM devices are then multiplexed together, so that the 
output of concentrator 130 comprises a comparatively high 
volume of tightly packed ATM cells. Thus, the concentrator 
ensures a high volume of ATM traffic is transmitted into 
ATM backbone network 101. 

[0029] ATM backbone network 101 comprises a plurality 
of ATM switches 111-113 that transport the ATM cells 
between senders and receivers. A network management 
system (NMS) 140 performs a variety of functions, includ- 
ing the establishment of permanent virtual circuit (PVC) 
connections through ATM backbone network 101. A PVC 
connection is a virtual circuit that provides the equivalent of 
a dedicated line over a packet switched network between 
two endpoints. The path between the two endpoints is fixed 
and uses a fixed logical channel to maintain a permanent 
association the endpoints. Once the PVC connection is 
programmed into the network routing logic by NMS 140, all 
data transmitted between the two endpoints follows a pre- 
determined physical path. After initial setup, a PVC con- 
nection requires no further configuration before data is sent. 
Furthermore, since the PVC connection is perpetual, it also 
does not require a disconnect operation after data is sent. 

[0030] la contrast to a PVC connection, a switched virtual 
circuit (SVC) connection is a virtual circuit that is estab- 
lished only when data must be transferred across a network. 
An SVC connection lasts only as long as the data transferred 
and is broken down as soon as the transfer is complete. The 
specific path followed by the SVC connection is determined 
for each data transfer and may vary according to data 
congestion in the network and the type and condition of the 
endpoints. 

[0031] If frame relay user 123 attempts to comnaunicate 
with frame relay user 124 via an SVC connection, a problem 
is encountered: frame rely user 123 is not connected directly 
to a device capable of providing the necessary connection 
setup and protocol translation to support a switched virtual 
circuit (SVC) connection. Concentrators such as access 
concentrator 130 are relatively simple devices incapable of 
providing the necessary signaling and switching function- 
ality. Providing access concentrator 130 with the necessary 
frame relay switching and inter- working functions to estab- 
lish an SVC connection would effectively make access 
concentrator 130 a mini-switch, which would be cost pro- 
hibitive solution. 

[0032] To overcome this problem, the present invention 
provides a system and method of establishing an SVC 
connection using the necessary frame relay switching and 
signaling functionality resident in one of more of AIM 
switches 111-113. In one embodiment of the present inven- 
tion, at least one of ATM switches 111-113 comprises a 
frame relay proxy controller that serves as a remote proxy 
agent for a frame relay device that is attempting to commu- 
nicate with another frame relay device via ATM backbone 
network 101. The present invention provides a dedicated 
"tunneling" connection from the ATM access device to 
which a frame relay user is attached (such as access con- 
centrator 130) to the frame relay proxy controller. 

[0033] The frame relay proxy controller use the tunneling 
connection to tunnel for data and control messages and 



"peek" at the SVC connection signaling messages to extract 
pertinent traflSc parameters. In a preferred embodiment of 
the present invention, NMS 140 establishes a PVC connec- 
tion that serves as the tunneling connection from the ATM 
access device to the frame relay proxy agent in an ATM 
switch to thereby provide the SVC signaling and switching 
functionality lacking in the access device. 

[0034] For example, if frame relay user 123 attempts to 
exchange data with frame relay user 124, a tunneling PVC 
connection is initially established by network management 
system 140 from access concentrator 130 (the ATM access 
device) through ATM switch HI to the frame relay proxy 
controller in ATM switch 113, Each active frame relay port 
of access concentrator 130 has one corresponding tunneling 
PVC connection to a proxy interface port on the frame relay 
proxy controller in ATM switch 113. The tunneling PVC 
connection provides access concentrator 130 with the frame 
relay signaling support it lacks. As far as frame relay user 
123 is concerned, it appears to be connected directly to the 
frame relay proxy controller in ATM switch 113. 

[0035] As noted above, once the tunneling PVC connec- 
tion is defined by NMS 140 between access concentrator 
130 and the frame relay proxy controller, all future SVC 
communications between frame relay user 123 and frame 
relay user 124 are automatically transferred via the tunneling 
PVC connection. The frame relay proxy controller in ATM 
switch 113 then is responsible for setting up each individual 
SVC connection, completing the data transfer via the SVC 
connection, and then breaking down the SVC connection. In 
effect, the switching and signaling messages of the SVC 
connection established by frame relay user 123 are carried at 
least part way across ATM backbone network 101 by the 
tunneling PVC connection between access concentrator 130 
and ATM switch 113. 

[0036] In a preferred embodiment of the present invention, 
NMS 140 may establish more than one tunneling PVC 
connection to support the SVC connection between frame 
relay user 123 and frame relay user 124, For example, a 
second tunneling PVC connection may be established from 
access concentrator 130 to ATM switch 111, the to ATM 
switch 112, and then finally to the frame relay proxy 
controller in ATM switch 113. This second tunneling PVC 
connection provides resiliency and flexibility in case of high 
trafSc conditions in any of the ATM switches in the network. 

[0037] FIG. 2 illustrates in greater detaH an ATM switch 
113 (or 111 or 112) containing an exemplary frame relay 
proxy controller 230 in accordance with one embodiment of 
the present invention. For the sake of brevity and clarity in 
describing various aspects of the present invention, the 
remainder of this disclosure may describe specific features 
of the invention with respect to ATM switch 113 only. It 
should be understood, however, that the described embodi- 
ment of the present invention also may be incorporated in 
ATM switch 111 or ATM switch 112, or any other ATM 
switch in ATM backbone network 101. Therefore, the 
descriptions of the present invention that follow apply to 
these other ATM switches as well. 

[0038] ATM switch 113 comprises an ATM Adaption 
Layer Type 5 (AAI^5) interface 210, a High-Level Data 
Link Control (HDLC) interface 220, and a frame relay proxy 
controller 230. The workings of AAL-5 interface 210 and 
HDLC interface 220 are generally well known in the art. 
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HDLC interface 220 sends frame relay data frames to, for 
example, frame user 124 and receives frame relay data 
frames therefrom. The HDLC interface 220 is able to extract 
the variable length pay load from each frame and use the 
address information in the frame header to forward the 
pay load to its final destination (via frame relay proxy 
controller 230). 

[0039] The AAL-5 interface 210 interfaces with the other 
devices, including access concentrator 130 and ATM 
switches 111 and 112 in ATM backbone network 101. The 
connections that ATM switch 113 establishes with other 
ATM switches may be grouped into two general categories: 
1) normal PVC and SVC data channels and 2) tunneling 
PVC channels to remote ATM access devices (such as access 
concentrator 130). The AAL-5 interface 210 performs seg- 
menlalioo and re-assembly of the incoming and outgoing 
trafBc on nornial PVC connections between ATM switch 113 
and other ATM devices. AAL-5 interface 210 also connects 
proxy tunneling PVCs, which contain both data and control 
trafiBc, from remote access devices to frame relay proxy 
controller 230. 

[0040] The frame relay proxy controller 230 comprises a 
service specific convergence sub-layer (SSCS) controller 
232, a call control and signaling management controller 234, 
a data link (DL) core functions controller 236, a data link 
control and signaling controller 238, a central processor unit 
(CPU) 246, and a memory 248. CPU 246 controls the overall 
operation of the frame relay proxy controller 230 by execut- 
ing an operating program stored in memory 248. Data link 
control and signaling controller 238 further comprises a 
Q.922 layer controller 240, a Q.933 layer controller 242, and 
a local management interface (LMI) layer controller 244. 

[0041] SSCS controller 232 is that portion of the conver- 
gence sub-layer (CS) that is dependent on the type of trafi5c 
that is being converted (in this case frame relay). The 
convergence sub-layer defines the Layer 3 (OS! model) 
functions of the upper half of the ATM Adaptation Layer 
(AAL). The exact functions of the convergence sub-layer are 
dictated by the particular AAL (1, 2, 3/4, or 5) in support of 
the specific service class (A, B, C, or D). SSCS controller 
232 performs the required service-specific convergence 
functions on the incoming and outgoing data traffic accord- 
ing to selected standards, such as FRF.5 and FRF.8. Among 
other things, SSCS controller 232 separates data traffic and 
control traffic. The data traffic is sent to data link core 
functions controller 236 for transfer to its destination. The 
control traffic is sent to data link control and signaling 
controller 238 for further processing. 

[0042] Call control and signaling management controller 
234 is responsible for the initialization, configuration and 
connectivity to other ATM devices, including ATM switches 
111 and 112 in ATM backbone network 101. Call control and 
signaling management controller 234 configures permanent 
virtual circuits and switched virtual circuits to the signaling 
layers (Q.922, Q.933 and LMI) Call control and signaling 
management controller 234 configures the drivers in the 
signaling layers to support the subsequent data traffic. 

[0043] Data link core functions controller 236 receives 
data frames from SSCS controller 232. The data frames are 
switched and forwarded by data link core functions control- 
ler 236, usually in software. Q.922 layer controller 240, 
which is equivalent to Layer 2 of the OS! model, handles 



both PVC connections and SVC connections. The Q.922 
standard is an ITU-T international standard that defines the 
structure of frame relay data frames. All frame relay data 
frames from either PVC or SVC connections that enter 
frame relay proxy controller 230 adhere to this standard, 

[0044] Q.933 layer controller 242, which is equivalent to 
Layer 3 of the OSI model, provides Layer 3 SVC function- 
ality The Q.933 standard is an ITU-T international standard 
that defines frame relay support for SVC connections. It is 
based on the signaling standard for ISDN. LMI layer con- 
troller 244 handles link management for PVC connections. 
LMI is a frame relay specification that defines the method of 
exchanging status information between devices, such as 
routers, switches, and the like. 

[0045] Finally, network management system (NMS) 140 
performs man-machine interactions with ATM switch 113. 
An operator may configure the external ports of ATM switch 
113, the proxy interface ports, the proxy tunneling PVC 
connections, and the like, via NMS 140. The call control and 
signaling management controller 234 downloads this con- 
figuration information from NMS 140 for further process- 
ing. 

[0046] FIGS. 3A and 3B are flow diagrams illustrating 
the operation of the exemplary firame relay proxy controller 
230 in FIG. 2 in accordance with one embodiment of the 
present invention. After a power up or reset, all components 
and devices in frame relay proxy controller 230 are initial- 
ized (process step 305). Next, call control and signaling 
management controller 234 fetches configuration data from 
NMS 140 and configures the external ports, the proxy 
interface ports, the proxy tunneling PVC connections and 
the normal PVC connections (process step 310). 

[0047] When the ports and the PVC connections are 
configured, SSCS controller 232 in frame relay proxy con- 
troller 230 waits for, and eventually receives, frame relay 
data frames that are part of an SVC connection from either 
AAL-5 interface 210 or HDLC interface 220 (process step 
315). Frame relay proxy controller 230 first determines if the 
received frame is a normal data frame (process step 320). If 
the received frame is a normal data frame, frame relay proxy 
controller 230 determines if a normal PVC or SVC connec- 
tion has already been established for the received data frame 
(process step 325). If a normal PVC or SVC connection has 
not been established, the received data frame is disregarded 
(process step 330). Frame relay proxy controller 230 then 
returns to a state of waiting for the next data frame from 
either AAL-5 interface 210 or HDLC interface 220 (process 
step 315). If a normal PVC or SVC connection has already 
been established, the received data frame is sent to data link 
core functions controller 236 (process step 335). Frame relay 
proxy controller 230 again returns to a state of waiting for 
the next data frame from either AAL-5 . interface 210 or 
HDLC interface 220 (process step 315). 

[0048] If in step 320 above, frame relay proxy controller 
230 determined that the received frame was not a nonmal 
data frame, but rather a control frame from a tunneling PVC 
connection, then frame relay proxy controller 230 deter- 
mines whether the received frame is an LMI frame (process 
step 340), If the frame is an LMI frame, frame relay proxy 
controller 230 transfers the data frame to the LMI layer 
controller 244 (process step 345) and waits for the next data 
frame to be received (process step 315). 
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[0049] If the frame is not an LMI frame, frame relay proxy 
controller 230 determines whether the received frame is an 
SVC signaling frame (process step 350). If the frame is an 
SVC signaling frame, frame relay proxy controller 230 
transfers the frame to the 0.922 layer controller 240 (process 
step 355) and waits for the next data frame to be received 
(process step 315), If the frame is not an SVC signaling 
frame, frame relay proxy controller 230 disregards the frame 
(process step 360) and waits for the next data frame to be 
received (process step 315). 

[0050] Although the present invention has been described 
in detail, those skilled in the art should understand that they 
can make various changes, substitutions and alterations 
herein without departing from the spirit and scope of the 
invention in its broadest form. 

What is claimed is: 

1. For use in an ATM network capable of transporting data 
between a first node and a second node operable to transmit 
and receive frame relay data frames, wherein said first node 
is coupled to an ATM access device incapable of providing 
to said first node support for switched virtual circuit (SVC) 
connections, a system for servicing an SVC connection 
between said first node and said second node comprising: 

a coDaection controller capable of establishing a fixed 
connection between said ATM access device and a 
selected to intermediate node in said ATM network; and 

a frame relay proxy controller disposed at said selected 
intermediate node and adapted for communicating via 
said fixed connection established by said connection 
controller, wherein said frame relay proxy controller 
receives SVC signaling information from said first 
node via said fixed connection and establishes an SVC 
connection with said second node. 

2. The system set forth in claim 1 wherein said interme- 
diate node is an ATM switch. 

3. The system set forth in claim 1 wherein said fixed 
connection is a permanent virtual circuit (PVC) connection. 

4. The system set forth in claim 1 wherein said connection 
controller is a network management system. 

5. The system set forth in claim 1 wherein said ATM 
access device is an ATM access concentrator capable of 
receiving a plurality of input data streams and merging said 
plurahty of input data streams into an ATM cell output 
stream having a data rate higher than at least one of said 
plurahty of input data streams. 

6. The system interface set forth in claim 5 wherein at 
least one of said input data streams comprises frame relay 
data frames received from a frame relay device. 

7. The system interface set forth in claim 5 wherein at 
least one of said input data streams comprises ATM cells 
received from an ATM device. 

8. An ATM network capable of transporting data between 
a first node and a second node capable of transmitting and 
receiving frame relay data frames via a switched virtual 
circuit connection, the ATM network comprising: 

a plurality of ATM switches; 

a connection controller capable of establishing a fixed 
connection between an ATM access device coupled to 
said first node and a first selected one of said ATM 
switches; and 



a frame relay proxy controller disposed at said first 
selected ATM switch and adapted for communicating 
via said fixed connection established by said connec- 
tion controller, wherein said frame relay proxy control- 
ler receives SVC signaling information from said first 
node via said fixed connection and establishes an SVC 
connection with said second node. 

9. The ATM network set forth in claim 8 wherein said 
connection controller establishes a unique fixed connection 
between said ATM access device and said ATM switch for 
each SVC connection requested by a frame relay device 
coupled to said ATM access device. 

10. The ATM network set forth in claim 8 wherein said 
fixed connection is a permanent virtual circuit (PVC) con- 
nection. 

11. The ATM network set forth in claim 8 wherein said 
connection controller is a network management system. 

12. The ATM network set forth in claim 8 wherein said 
ATM access device is an ATM access concentrator capable 
of receiving a plurality of input data streams and merging 
said plurahty of input data streams into an ATM cell output 
stream having a data rate higher than at least one of said 
plurahty of input data streams. 

13. The system interface set forth in claim 12 wherein at 
least one of said input data streams comprises frame relay 
data frames received from a frame relay device. 

14. The system interface set forth in claim 12 wherein at 
least one of said input data streams comprises ATM cells 
received from an ATM device. 

15. For use in an ATM network capable of transporting 
data between a first node and a second node operable to 
transmit and receive frame relay data frames, wherein the 
first node is coupled to an ATM access device incapable of 
providing to the first node support for switched virtual 
circuit (SVC) connections, a method for servicing an SVC 
connection between the first node and the second node, the 
method comprising the steps of: 

establishing a fixed connection between the ATM access 
device and a selected intermediate node in the ATM 
network; and 

receiving SVC signaling information from the first node 
via the fixed connection at a frame relay proxy con- 
troller disposed at the selected intermediate node; and 

establishing an SVC connection with the second node. 

16. The method set forth in claim 15 wherein the inter- 
mediate node is an ATM switch. 

17. The method set forth in claim 15 wherein the fixed 
connection is a permanent virtual circuit (PVC) connection. 

18. The method set forth in claim 15 wherein the fixed 
connection is established by a network management system. 

19. The method set forth in claim 15 wherein the ATM 
access device is an ATM access concentrator capable of 
receiving a plurality of input data streams and merging the 
plurality of input data streams into an ATM cell output 
stream having a data rate higher than at least one of the 
plurality of input data streams. 

20. The method set forth in claim 19 wherein at least one 
of the input data streams comprises frame relay data frames 
received from a frame relay device. 
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